In this paper we analyze economic and spatial determinants of interregional migration in Kazakhstan using quarterly panel data on region to region migration in 2008-2010. In line with traditional economic theory we find that migration is determined by economic factors, first of all income: People are more likely to leave regions where incomes are low and more likely to move to regions with a higher income level. As predicted by gravity arguments, mobility is larger between more populated regions. Furthermore, distance has a strong negative impact on migration, indicating high migration related costs and risks. Assuming that high migration costs are caused by poor infrastructure, investments in public and social infrastructure should facilitate regional income convergence in Kazakhstan and improve living standards in depressed regions.
Introduction
To a considerable part this movement was related to the legacy of the Soviet labor market and nationality policy. The Soviet government had allocated its labor force within its vast territory according to central plans and certain ethnic groups had been forcefully relocated. After the break-up of the Soviet Union the newly introduced freedom of movement allowed people to return to their former homelands. Most persons who left Kazakhstan after independence either had originally gone there for work and job advancement (predominantly Russians) or because they had been forcefully resettled (mainly ethnic Germans).
Compared to the large and highly volatile external migration, interregional movements have been less pronounced and more stable: since independence they have on average involved approximately one percent of the population each year. Due to the alarming size of emigration from Kazakhstan in the early period after independence so far almost all attention has been on external migration and interregional migration has mostly been neglected. The disregard of internal mobility can also be attributed to data problems: time series on region to region migration have only recently been published and micro-data based on registration forms are unavailable for researchers. Accordingly, little is known about the patterns and determinants of interregional movements in Kazkakhstan, although its geographical and structural economic conditions point to the crucial role internal labor migration might play in regional adjustment processes.
Kazakhstan spans a vast territory (about 2.7 million sq. km; it is the 9th largest country in the world) which is inhabited by a relatively small population (nearly 16 million inhabitants) and hence is characterized by a low population density. Moreover, regional development has been persistently uneven across regions: on the one hand Astana (Kazkakhstan's capital since 1997), Almaty (the country's financial center and old capital), and oil-rich regions at the shores of the Caspian Sea have been developing fast; on the other hand depressed regions exist in the north and south. According to standard economic reasoning, these discrepancies in regional development should provide incentives for substantial internal migration movements. Such movements might also be expected to happen because internal migration barriers which existed throughout the Soviet system were abolished after Kazakhstan had become independent.
In this paper we analyze the economic and spatial determinants of interregional movements in Kazakhstan based on newly released region to region migration data. For 2008-2010 we study whether standard economic arguments such as differences in income and unemployment as well as factors put forward by spatial economics, i.e. population size and distance, explain the regional mobility of people.
The remainder of this paper is structured as follows: Section 2 describes the economic and migration development in Kazakhstan on the regional level. Section 3 presents the theoretical framework that motivates the gravity approach applied in our analysis and exemplifies empirical findings on internal migration movements. Section 4 introduces our data and methods, while Section 5 presents estimation results and Section 6 concludes.
Regional economic development and migration in
Kazakhstan: Stylized facts Kazakhstan, which had for 70 years belonged to the Central Asian part of the Soviet Union, emerged as a newly independent country in 1991. After an administrative reform and the relocation of the country's capital from Almaty to Astana in 1997, the state was organized in 14 regions (oblasts) and 2 cities (Almaty and Astana). In the 1990s Kazakhstan experienced a severe economic and social crisis, but succeeded in reaching rapid economic growth in 2000 was the result of a booming energy sector and the implementation of market oriented reforms, such as price and trade liberalization, privatization, promotion of entrepreneurship and creation of the banking system (Wandel and Kazbogarova, 2009 (Anderson and Pomfret, 2004; Dillinger, 2007) . (Monfort, 2008) . The disparity between average nominal wages in Kazakhstan's regions is also considerably high and there is no evidence that it has reduced over time (see figure 1 ). This indicates that higher wage jobs are regionally concentrated.
Although Kazakhstan has experienced a remarkable economic growth since independence, poverty remains an acute problem for most of its regions. In this context it is particularly alarming that the two richest regions in terms of GDP per capita-the oil producing regions Mangistau and Atyrau-are characterized by an extraordinary high share of poor people. According to the Statistical Agency in Kazakhstan, the proportion of the population, whose income was below the subsistence minimum level, amounted to 22.6 percent in Mangistau and to 10 percent in Atyrau (see table A.1 in the Appendix). In case of Mangistau this was nearly three times higher than the national average (8.2 percent). Accordingly, oil production has contributed to a high regional GPD but failed to reduce regional poverty. A .1 in the Appendix). 1 Over one-third of the national labor force was still employed in agriculture, producing only 6 percent of the national GDP (Wandel and Kazbogarova, 2009 ). According to Najman et al. (2008) in that year direct employment in the oil sector was under 50.000 people, even including employees working in the refining sector. This is equivalent to less than 1 percent of Kazakhstan's economically active population.
In the period between 2000 and 2010, interregional migration involved 138,750 persons on average per year (0.8 percent of the population)according to official data. In balance, the two big cities Almaty and Astana attracted nearly all internal migrants. Astana received people mostly from the comparatively close regions Aqmola, Karaganda, Kostanai, and East Kaza-khstan, while Almaty received most of its immigrants from Almaty oblast, Zhambyl, South and East Kazakhstan. Furthermore, a considerable exchange of people between the cities Almaty and Astana could be observed. These patterns indicate that distance plays an important role in determining internal movements in Kazkakhstan. In terms of magnitude, interregional mobility in Kazakhstan is close to interregional population flows in Russia, but much smaller than in the USA and Canada (Andrienko and Guriev, 2004) .
Determinants of Internal Migration Movements

Theoretical Framework
Assume an economy with two regions A and B. Consider a resident of region A looking for a job. He randomly receives job offers from A and B. The probabilities that offers from A and B arrive are given by λ A and λ B , respectively. 2 When the individual receives offers from both A and B he will move to region B if the wage in region B exceeds the wage in A by more than the migration cost. 3
Suppose wages in A are drawn from a distribution function F A (w A ) with the mean µ A and the variance σ 2 A and wages in B drawn from F B (w B ) with the mean µ B and the variance σ 2 B . Consider a distribution function G(z), where z = w B − w A . The probability that the wage offer in B exceeds the wage offer in A by more than the migration cost is given by 1 − G(δ), where δ is the migration cost. This probability negatively depends on δ, positively depends on µ B and negatively on µ A , and positively on variances of the wage distribution in both A and B. 4 The probability that the resident of A migrates to B is given as λ B (1 − G(δ)), which is the conditional probability that the wage offer in B exceeds the wage offer in A by more than given that he receives an offer in B.
The size of the migration flow from A to B can be given as:
2 It is possible to extend the model by considering endogenous arrival rates, for example when they depend on individual search intensities which are endogenously determined (see Aldashev, 2010 , for example). The general results are however unchanged.
3 Assuming the individual lives for 1 period. In a multiperiod model he moves to B if the present value of the job offer in B exceeds the present value of the job offer in A by more than the migration cost.
4 Think of this probability as the truncated probability density function. For any constant c, 1−F (c) > 1−G(c) if the variance of the distribution F (x) is greater than the variance of the distribution G(x).
It follows from equation 1 that the number of migrants from A to B depends positively on the number of job searchers in A, that is S A , the probability of receiving a job offer in B, and the average wage in region B and negatively depends on the migration cost and the average wage in region A.
It has to be noted that λ B and λ A are not directly observable. However the migration cost can be approximated by the function of the distance and the arrival rate of the job offers in region B by the function of the population size and the unemployment rate in B. 5 The number of active searchers in region A is a function of the population size and the unemployment rate in A. Moreover, for the empirical model, the functional form in equation equation 1 is intractable.
Therefore, one could use the gravity model of migration (see Lewer and Van den Berg, 2008) as an empirical simplification. And thus:
where is a random component and α 1 , α 2 , α 3 , and α 6 are greater than zero, and α 4 , α 5 , and α 7 are less than zero.
Literature Review
The implications of the model outlined in the previous section are consistent with the neoclassical theory of labor migration which explains the movement of people by regional differences in expected incomes (i.e. income differences adjusted by unemployment probability) (Harris and Todaro, 1970) . Accordingly, migration flows should be directed towards regions with comparatively higher incomes and lower unemployment rates. Extensions of this concept account for differences in other welfare and infrastructure variables, for example basic public services and environmental quality, to account for regional mobility in response to better living conditions (Lall et al., 2006) . Additionally, Hatton and Williamson (2005) and Faini and Venturini (1994) point out that migration costs and risks, such as the costs of traveling, information and income losses, as well as the psychological costs of leaving family, friends and neighbors in the home region, are important for understanding internal migration movements in low income regions.
In general, the costs and risks of moving are increasing with distance, an aspect already formulated in the first formal framework analysing migration, the gravity model (Greenwood, 5 More formally the arrival rate is the function which depends on the number of unemployed and available vacancies. Given the lack of information on the vacancies in Kazakhstan we take the arrival rate as the function of the unemployment rate.
1995; Lee, 1966) . Recently, Cushing and Poot (2008) have pointed to the high relevance of distance in explaining internal migration flows. They referred to the strong theoretical rationale of this concept in addition to the numerous empirical studies that showed its importance. Together with distance, the gravity concept refers to population size as a decisive force in shaping the dynamics of population mobility. Regions with large populations are expected to have the potential for sending big numbers of migrants, while they are also considered to attract more migrants because of larger markets. In a recent application of the gravity model to migration movements, Lewer and Van den Berg (2008) show that it provides a constructive framework to capture basic economic, spacial and ethno-cultural influences on population mobility.
The dynamics and the determinants of internal migration movements have repeatedly attracted the interest of economic research. This is related to the question if regional movements have the potential to mitigate regional disparities within economies. A basic finding so far is that internal migration is much higher in the United States and Canada than in Europe (Long, 1991; Bentivogli and Pagano, 1999; Coulombe, 2006) . While in the United States internal movements have been identified to play an important role in reducing regional unemployment and wage differentials by shifting people from regions with low-productivity and high-unemployment to economically prospering ones, Fidrmuc (2004) did not find a corresponding pattern in East European countries. And even though research on internal migration in Italy indicates that relative per capita GDP and relative unemployment rates were the most important drivers for internal migration in that country between 1970 and 2002 (Piras, 2010) , these movements were far too low to act as an equilibrating mechanism for regional imbalances. Concerning the role of unemployment in channeling interregional migration in Italy empirical results are controversial.
In contrast to Piras (2010) who estimated a robust inverse relation between unemployment and the migration rate, Daveri and Faini (1997) did not discover a significant influence of unemployment on mobility, while Fachin (2007) pointed to a weak impact. In Great Britain relative unemployment and wages have been identified to influence regional mobility but the related regional adjustment processes are apparently very slow (Pissarides and McMaster, 1990) . A similar nexus has been observed for Germany, where considerable welfare differences between East and West have not been mitigated by internal mobility (Decressin and Fatás, 1995) .
The drivers of internal migration and its potential to support regional adjustment processes has also been explored in the context of transition and post-Soviet economies. Internal migration flows are often expected to act as an adaptation mechanism to shocks related to transition.
For four East European countries (Poland, Hungary, the Czech Republic and Slovakia), Fidrmuc (2004) analyzed the factors that influenced internal mobility in the aftermath of economic transition, i.e. from 1992 to 1998. His research shows that high wages encouraged and high unemployment discouraged regional inflows as well as outflows, implying that the mobility of people was high in better-off regions while in poorer regions it was low. Accordingly internal movements did not flow from economically unsuccessful to successful regions. Furthermore the impact of wages and unemployment on internal migration flows was very small. Similar observations have been reported for Baltic countries (Hazans, 2003) . Studies conducted in Russia provide a further illustration for interregional mobility in a transition context. Although regional disparities in Russia were high between 1992 and 1999, interregional migration flows were rather low. Nevertheless, richer regions with better employment chances and a better endowment of public goods attracted people while depressed regions experienced outflows (Andrienko and Guriev, 2004) . This was also confirmed by a later study on region-to-region migration in Russia between 2000-2003 which discovered that well-off Moscow and surrounding regions in addition to resource-mining areas were popular destinations for internal movements (Kumo, 2005) . Analyzing the question why regional mobility in Russia only marginally responded to regional welfare differences, Andrienko and Guriev (2004) proposed financial constraints to play a role. In their empirical analysis they found that an increase of incomes in the poorest regions encouraged out-migration, indicating that people had to earn a certain threshold income to be able to afford the move.
For Kazkakhstan no research on the determinants of internal migration movements have been conducted. However, in their study on migration between Kazakhstan and Russia Becker et al. (2005) showed that these movements responded to conventional economic variables and economic shocks such as the 1998 Russian financial crisis and relative exchange rate fluctuations.
Data and methodology
Data
For our analysis we use quarterly regional migration data between 16 administrative districts and thus the official migration statistics do not contain temporary migrants.
In total we have information on migration movements for 2,880 pairs of regions.We also use quarterly data on the average wage, income, unemployment rate, and population size of all 16 administrative districts.Wage is the monthly average nominal wage per employee. Income is defined as quarterly income per person including labor and non-labor income such as transfers and benefits. Incomes and wages are reported in the Kazakh national currency -Tenge. 6 The unemployment rate is the share of unemployed in the labor force. Additionally, we calculated the distance between administrative centers (which are also the largest cities) in kilometers as a proxy for the distance between pairs of regions. We also measured the travel time between administrative centers using the Google route planner. It shows that the average population of a region is less than a million, while the average distance between regions is roughly 1,500 km or 21 hours travel time. A large variation in regional wages and especially in incomes can be observed. Although the correlation between migration flows and wage and income differentials is signifcant, figure 3 reveals that it is not very strong 2.
6 Currently 1 USD is worth roughly 147 Tenge 
Empirical model
Based on the theoetical framework presented above, we use a so-called gravity model to estimate the determinants of interregional migration flows (see also Andrienko and Guriev, 2004; Etzo, 2008; Lall et al., 2006) . After logarithmic transformation the gravity model for migration has the following general form:
where M ijt is the migration flow from region i to region j at period t, Z it and Z jt include covariates for the sending region and the receiving region, respectively, at period t, D ij is the distance factor between regions i and j, ijt is the error term, and B, Γ, and α are parameters to be estimated. The model can be generalized to include time and regional fixed effects that capture time invariant differences between regions such as economic resources, geographic and cultural variables. 7
In a spatial panel one might encounter spatial correlation and autocorrelation, that is contemporaneous correlation across spatial units and autocorrelation over time within each spatial unit. The Driscoll and Kraay (1998) method enables estimation of the covariance matrix which is robust to spatial and time autocorrelation (Hoechle, 2007) . Consider the linear model:
The variable X is assumed to be uncorrelated with the error term. Even if the random component may exhibit autocorrelation and cross-sectional dependence, B can be consistently estimated by OLS. As shown by Driscoll and Kraay (1998) the covariance matrix robust to autocorrelation and spatial correlation is given by
HereŜ T is defined asŜ
where m(T ) denotes the length of the lag up to which residuals may be autocorrelated and w(j, m(T )) = 1 − j/(m(T ) + 1). 8 Moreover:
where h it (B) are moment conditions. Driscoll and Kraay (1998) showed that this method produces standard errors which are robust to general forms of spatial and time dependence.
Estimation results
Benchmark regressions
The estimation results for three different models are presented in table 2. Model 1 does not include fixed effects for origin and destination, models 2 and 3 do. But whereas model 2 contains wages, model 3 contains average income (which includes both labor and non-labor income). Across all three models, the effect of distance is almost identical. An increase in distance by one percent reduces the flow of migrants by roughly 1.3 percent. This elasticity is larger than those found by the literature for other countries such as Russia, the USA, and China which tend to be close to 1 in absolute value (Andrienko and Guriev, 2004) . 9 This might point at high travel costs in Kazakhstan possibly due to poor infrastructure. Another explanation might be that a high diversity in educational attainment and professional experience between more distant regions might preclude the transfer of human capital. Furthermore, internal movements over longer distances may be hampered by psychological costs of leaving family and friends and by high information costs. The effect of population size in both origin and destination is positive and similar to the results obtained for Russia (Andrienko and Guriev, 2004; Kumo, 2005) . However, the effect of the population size in the destination region loses its significance in model 2. This could be due to the low variation of the population size over the three year span (2008-2010); thus the effect of the population size might partially be captured by regional fixed effects. In model 1 and 2 the wage in the destination region positively affects internal movements which is in line with the theoretical argumentation put forward by migration economics. At the same 9 The strong impact of distance on internal migration in contemporary Kazakhstan stands in stark contrast to the comparatively low nexus between distance and population migration in the Soviet Union. As Mitchneck (1991) has pointed out this was the result of the politically motivated placement of people within the USSR.
time, the effect of the wage in the origin is negligible. The elasticity of migration with respect to income is about 0.15 which is somewhat larger than the one obtained for Russia by Andrienko and Guriev (2004) . Surprisingly, the effect of unemployment is positive for both origin and destination in model 1 while it appears to be insignificant in models 2 and 3 in the presence of regional fixed effects. Even without controlling for regional fixed effects the explanatory power of model 1 is substantial (R 2 = 0.64). Introducing regional fixed effects in models 2 and 3 increases the explanatory power (R 2 = 0.78).
We further estimated the model by controlling for autocorrelation as well as for spatial correlation. The estimates are presented in tables 3 and 4. As in the OLS regressions the explanatory power of the model is high. We also find the elasticity of travel time or distance to range at about -1.3. Furthermore, the effect of the population size in the origin and destination is positive and in most cases statistically significant.
This confirms that people are more likely to move between more populated regions. While the income level in the origin has a negative influence on migration, it is positive in the destination region as has already been shown in the OLS regressions. This implies that people tend to leave regions where incomes are low and move to regions with higher income levels. Although the effect of the wage rate in the origin is negligible, the effect of the wage rate in the destination is positive. Consistent with the OLS regressions, unemployment does not seem to determine interregional migration flows. 
Robustness checks
One might argue that it is not the nominal income or wage as used in our estimation but the real income or wage that potential migrants take into consideration when planning to move as price levels differ across regions. However, some variation in prices over time and across regions is captured in time dummies and regional fixed effects. To account for differences in regional price levels one might in principle also take the CPI to construct real wages or incomes. Although the 
Conclusions
In this paper we analyzed the determinants of interregional migration in Kazakhstan using a quarterly panel for the years 2008-2010 for 16 administrative regions. We find that interregional movements in Kazakhstan can to a large extend be explained by economic and spatial factors.
First of all, we found that migrants are attracted by higher wages or incomes. The elasticity of migration to income is about 0.15. If wages are used instead of incomes to represent earnings in the destination then a 1 percent growth in wages in the destination increases migration by between 0.8 and 1.8 percent. We did not find any significant effect of the unemployment rate on migration. Wages in the origin do not seem to impact population movements either. However, higher incomes in the origin reduce the migration probability. Regions with a larger population are more likely to send and likewise more likely to receive migrants.
The elasticity of migration to distance is about -1.3. This is larger in absolute value than what has been found for other countries, for example Russia, the USA, and China, and points at higher migration related costs and risks in Kazakhstan. Thus, an equalization of regional disparities or convergence might take long time. This finding has political relevance as one could argue that investment in public and social infrastructure might facilitate regional income convergence and improve living standard in depressed regions.
